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FOREWORD 

Thil  doeuaent  it  a  aachine  translation  of  Russian 

*  I 

text  which  has  been  processed  by  the  AN/GSQ-16( XW-2 ) 
Machine'  Translator,  owned  and  operated  by  the  United 
Utates  Air  Force.  The  machine  output  has  been  fully 
post<-edited.  Ambiguity  of  meaning,  words  missing  from 
the  machine's  dictionary,  and  words  out  of  the  context 
of  meaning  have  been  corrected.  The  sentence  word 
order  has  been  rearranged  for  readability  due*  to  the 
fact  that  Russian  sentence  structure  does  not  follow 
the  English  sub Ject-verb-predicate  sentence  structure. 
The  fact  of  translation  does  not  guarantee  editorial 
aeeurmey,  nor  does  it  indicate  USAF  approval  or  dis¬ 
approval  of  the  material  translated. 
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THE  QUESTION  ABOUT  NBCHANISK  OF  INFLUENCE  OF  LIQUID  LATER 
DURING  BURNING  OF  MIXED  SYSTEMS 

A.  P.  Glaskora 

During  atudj  of  bumlni;  of  nixtur*  of  aMoniim  parehJ.orat«  (diaansion  of  par> 
ticlaa  <2S0(t)  with  pasraffln  it  was  aatabllahad  that  dapandanoa  of  burning 

rata  on  praaaura  has  two  parta:  in  firat  part  to  300  ata,  burning  rata  growa 
with  praaaura  according  to  law  U||  *  Bp*',  whara  v  »  1;  ard  aacond  part,  atarting 
from  300  ata,  idiara  rata  growa  bj  linat,r  law.  Thia  eontradicta  U2^ual  praaantationa 
about  burning  of  aixturaa,  and  alao  hypothaaia  axoraaaad  bj  0.  I.  Laypunakiy  * 
according  to  iMch  dapandanca  of  burning  rata  of  Biztura  of  aaltpatar  with  carbon 
ahotild  dacraaaa  with  growth  of  praaaura,  whan  diffuaion  Mchaniaa  bacoaaa  leading. 
Still  nora  paradoxical  ia  the  fact  that  addition  to  aaannium  parclilorata  of  cer¬ 
tain  fuala  (coke,  polyasthylMthacryl&ta  ),  leading  to  incraaaa  of  wax! ami 

(calculated)  taaparatura  of  burning*,  not  only  doaa  not  incraaaa  rata  of  ita  burn¬ 
ing  in  aignificant  ran^  of  praaauraa,  but,  on  the  contrary,  laada  to  ita  dacraaaa. 
Thia  clrcuaatanca  forcaa  the  aaaua|)tlon  that  in  ahown  caaaa  rata  of  procaaa  ia 


*By  calculation  carried  out  by  I.  A.  Taraahkin,  taaparatura  of  burning  of 
aaMoniuB  perchlorate  ia  15d0^  K;  tanparatura  of  burning  of  ita  atoiehioMtrlcal 
adLxtura  with  coke  ia  339^  with  paraffin— 32B0®  K. 


('ittvralMd  by  tnunsfomations  of  ih«  anDonium  porchlorat*  Itsolf  and  lubMquant 
raactiont  vlth  faol  hav*  no  influanea  on  it. 

Bomlng  rata  of  ■Ixturaa  of  axMoniun  parchlorata  with  paraffin  ^  aignlficanily 
largar  than  that  with  eoka^  giraa  a  basis  to  assune  that  ossantial  factor  datsirmin- 
ing  burning  rata  of  mixtures,  is,  besides  reactionary  Ebilities,  physical  proper- 
ties  of  fuel  and  oxLdisar,  and  in  particular,  their  ability  to  melt  while  bumir^. 

If  the  oxidlsar  itself  during  burning  changes  to  the  liquid  state  (for  exaa^le, 
perchlorate  of  potassium,  due  to  forming  of  melted  KCl),  nature  of  fuel,  supposedly^ 
has  no  effect  on  the  character  and  rate  of  burning  of  mixture. 

To  check  this  assumption  we  investigated  mixtures  of  oxldisers  with  fuel  which 
possessed  various  physical  properties  and  namely,  with  fusible  and  infusible  fucln. 
In  order  to  exclude  influence  of  chemical  oroperties,  exoeriments  were  also  done 
with  mixtures  in  which  as  fuel  there  was  used  dlmethacrylatc  'triethyleneglycol  in 
the  fora  of  a  monomer  (liquid)  and  oolymer  (hard,  infusible,  vitrious  ccnoound). 
Stoichicarntrlc  mixtures  were  pressed  in  oortions  in  plexiglas  pipes  with  an  internal 
diameter  of  etl  mm,  and  wall  thickness  of  1  mm  to  densities  near  to  theoretical; 
height  of  column  of  substance  was  more  than  three  diameters.  .Dimension  of  nar- 
tides  of  components  in  the  case  of  mixtures  on  the  base  of  amsionixim  perchlorate 
was  <250  (i**  ,  Bates  and  nature  of  burning  were  determined  nhotogranhically,  as 
was  dsscribed  sarlier  •  Experiments  were  conducted  in  a  cylinder  of  constant 
pressure  in  an  atmosphere  of  nitrogen. 

As  can  be  seen  from  Figs.  1  and  2,  all  studied  mixtxires  of  ammonium  perchlor¬ 
ate  with  liquid  or  fusible  fuel  (paraffin,  dimethacrylate-trietbyleneglycol,  dyne) 
burn  faster  than  ansonium  perchlorate,  but  mixture  with  infusible  fuel  (coke. 


-)HiC(»bustlble  and  oxidiser  were  sifted  through  sieve  025.  Mixing  of  components 
was  done  manually  using  rubber  cork.  Paraffin  mixtures  were  prepared  by  mixing 
oxidiMr  with  soluiior  of  paraffin  In  gasoline  "overshoe",  which  then  was  com- 
plstely  eracuated. 


polyMthyLMihAcrjlAt*^  pol^rair  di]Mthacr3rlat«»tri«thjltMglycoI,  ntohth&XtM*, 
urotropliM,  e«lluloM)  bum  in  •IgniflcAni  ran^  of  proasuros  with  awtUar  tTMods 
than  aBBonlua  parehlorate  Itsalf «  do  not  eonaidar  hara  raglon  of  praaauraa 

froa  160  to  500  atm,  in  which  burning  of  parchlorata  (at  a  diamatar  of  samplas 
without  shall  which  is  largar  than  tha  critical  diamatar )  is  unstabla  and  orocaadti 
with  soaad— 0.7  —  1.0  g/ci^  sac.  At  prassoras  of  750,  875#  and  1000  atm  artraga 
rata  of  stable  burning  incraasas  to  3.3,  4.2,  and  7.7  g/c«^  sac,  rasoactiTaly^/ 


Fig.  1  Fig.  2 

Fig.  1.  I>apandanea  of  burning  rata  on  prassura  for  mizturas  of  aBSKmium  parchlor¬ 
ata  with  i\isibla  lUals:  (1)  anaonivua  parchlorata  in  plaxLglas  pipes,  (2)  with 
paraffin,  (3)  with  dlMthaerylata-triathjlanaglycol,  (4)  with  dyne  (dimension  of 
particles  of  o^disar  >i0n<50ii) 

KEI;  (a)  glcur  •  sac;  (b)  kg/car. 


Fig.  2.  Dapandanca  of  burning  rata  on  prassura  for  mixtures  of  parchlorata  of 
aamonium  with  infbslbla  fuels:  (l)  parchlorata  of  aaBK>nium,  (2)  with  coke,  (3) 
with  callulosa,  (4)  with  naphthalene  (easily  sublimated),  (5)  with  urotropina, 
(6)  with  Dolymar  dimathacrylata^triathylanaglycol.  Dimension  on  abscissas: 
p,  kg/cBT 

KET:  (a)  g/ca?  .sac.;  (b)  kg/cn^. 
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of  mixtures  with  infusible  fuels  tha  granular  structure  of  front  of  burning,  inher¬ 
ent  to  tha  actual  parchlorata  of  asaonium  is  kept  local;  front  of  burning  consists 
of  separata  micro-flashas  (sea  Fig.  3),  and  In  ease  of  burning  of  mixtures  with 


*Is  malted,  but  is  easily  sublimated. 
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paraffin,  for  axaaplo,  for  mix'faoo  tbaro  it  wldant  a  briKhtor  luninatconeo  than 
for  tha  raaaining  fIjtBt,  a  sona  of  notlcaabla  thicknata,  dacraaaing  with  ineraaaa 
of  prattura  and  ditappaaring  at  a  prattura  of^  700  ata. 

StoichioMtric  iiixturat  on  a  basa  of  parchlorata  of  potassium  (dimension  of 
particlat  >50  H  and  <100h,)  both  ^dth  liquid  and  fbsible  fuels  (paraffin, 
dimethacrylata-triathjlaneglycol),  and  with  infusible  (naphthaline,  Dolymer 
dimethaerylata-triathylanegljcol)  bum  with  close  velocities,  vdiose  law  of  bumin,? 
can  ba  ejqsrassad  in  first  order  of  aoproxlmation  by  an  equation  of  the  tyoe 

UU  -  0,03275  p  (  Z™t^L7  ifp«7  kg/aa^)» 

Burning  of  stoichioaatric  mixtures  of  annonium  nitrate  with  the  monomer  and 
polymer  of  dimathacrylataxtriethylenaglycol  was  also  studied.  These  mixtures  do 
not  bum  at  pressures  below  350  aim,  and  in  range  of  pressures  from  350  to  1000 
atm  burning  rates  of  these  mixtiures  are  practically  identical**-.  Mixtures  of 
heated  saltpator  with  tha  indicated  monomr  and  polymer  also  do  not  bum  at  350 
atm. 

Whan  studying  the  ctmibustion  of  mixtures  one  should  taka  into  account,  first, 
tha  ability  of  one  or  both  componentsiH(«  to  bum  indenandently,  and  second,  their 
ability  to  change  to  the  liquid  state.  What  role  can  fluidity  or  fusion  play 
during  burning  of  mixture?  Main  distinction  of  mechanism  of  burning  of  mixtures 
considered  by  Anderson  and  Chaiken  C^J  mechanism  of  burning  of  indiv¬ 

idual  ajtplosives  (VY)  considered  by  A.  F,  Belyayev  and  la.  B.  Zel'dovich  CbJ 

* 

consists  in  tha  following.  During  burning  of  individual  VY,  heat  emitted  in  the 
gas  ohasa  is  transmitted  directly  to  the  surface  of  the  condensed  phase. 

**This  can  ba  connected  both  with  ability  of  the  actual  saltpeter  to  melt, 
and  also  with  the  fact  that  diannsion  of  particles  of  saltpeter  in  our  experiment 
(<iOOH)  was  of  the  same  order  as  the  thickness  of  sons  of  heating  (iOOfi)  at  200 
atm,  for  example,  for  amatole  80/20, 

-iHHiIn  tha  case  idien  one  of  coeiponents  of  mixture  is  able  to  independently  bum, 
regularities  of  its  burning  cannot  help  but  affect  regularities  of  burning  of  mix¬ 
ture. 


Darlxxg  burning  of  sdotures  in  condensed  phsee  there  ie  first  of  all  heat 
from  gas  reactions  proceeding  near  surface  of  particles  (as  result  of  decomposi¬ 
tion  of  oxidizer).  From  zone  with  maximm  temperature^  due  to  remoteness  of 
this  zone  from  siurfacOi  and  also  presence  near  particles  of  primary  oxidizer, 
or,  as  R.  F.  Chaykin  calls  it,  "buffer"  flame,  heat  is  practically  not  transmitted 
to  the  condensed  phase  and  does  not  introduce  therefore  its  own  contribution  to 
the  burning  of  system.  This  phenomenon  is  analogous  to  that  which  was  observed 
during  burning  of  liquid  nitroglycol  appearance  of  "secondary", 

"hotter"  flame  did  not  influence  either  burning  .rate  of  its  dependence  of  it  on 
pressure . 


Fig.  3*  Photographs  of  burning  of  perchlorate  of  aasaonium  and 
its  mixtures  at  200  atm:  a)  with  coke,  b)  pure, 
c)  with  paraffin. 

If  during  burning  of  mixtvire,  fuel,  for  exasqple,  is  able  to  change  to 
liquid  state,  then  the  liquid  formed  will  envelop  surface  of  particles  of  oxidizer 
Every  particle  of  oxidizer  in  zone  of  reaction  in  this  case  will  be  in  contact  not 
with  separate  particles  of  fuel,  but  with  layer  of  melting  of  definite  thick¬ 
ness. 

Transition  into  liquid  state  involves,  as  it  were,  "crushing"  in  the  course 
of  turning  of  one  of  the  components  to  very  small  dimensions — practically  to 
separate  molecules,  as  a  iifisult  of  which  their  reaction  ability  is  sharply 

/ 


increased*  Cdsebus  products  of  prinsry  resctlbh  cf  disintegration  of  ojddiser 
have  to  pass  through  layer  of  melt  formed,  giving  to  it  part  of  heat  and  forbing 
it  partially  to  decompose  or  to  evaporate*  Zone  With  maxinum  temperature  in 
this  case  will  be  located  nearer  to  surface  of  condensed  phase*.  Heat  from  this 
*one  can  be  now  transmitted  back  into  condensed  phase,  since  surface  of  oxidiKsr 
is  not  altogether  bare,  and  buffer  flame  enveloping  it  either  will  not  be  for/ned 
at  all  (if  thickness  of  zone  of  melting  is  larger  than  dimension  of  particles)  or 
its  role  decreases,.  Schematically  this  is  shown  in  Fig.  4* 

Thus  presence  of  liquid  phase  during  burning  of  mixtixre  partially  or  com¬ 
pletely  liquidates  buffer  flame  and  moves  zone  with  maximum  temperature  to  sur~ 
face  of  condensed  phase,  which  involves  increase  of  temperature  in  zone  of  reac¬ 
tion  for  surface  of  condensed  phase.  In  brief,  depending  upon  physical  propei*- 
ties  of  components,  the  system  (fuel-oxidizer)  can  bum  either  as  mixture  or 
analogously  as  individual  Wj  and  since  for  majority  of  individual  W  studied  by 
us  dependence  of  burning  rate  on  pressure  is  near  to  linear,  this  allows  explana¬ 
tion  of  linear  section  of  curve  «  =  /(p)  during  burning  of  paraffin  mixture , 
Alternate  path  of  transformation  of  mixture  into  "individual"  explosive  is 
realized  for  sufficiently  small  dimensions  of  particles  of  components  of  mixture; 
it  was  considered  by  N.  N.  Bakhman  C'^J *  Indeed,  our  experiments  showed  that  a 
stoichiometric  mixture  of  perchlorate  of  ammonium  (dimension  of  particles  i— I0(i) 
with  gas  black  bums  according  to  linear  law  Uj^  *=0.13  +  0.0115  p  in  range  of 
pressures  to  350  atm*  In  accordance  with  the  above,  dimension  of  particles  of 


*Preliminary  experiments  on  defining  burning  temperature  of  mixtiires  of 
aanoniun  perchlorate  with  low-melting  monomer  (m*p.  =  52®)  and  its  infusible 
polymer  were  conducted  by  o\u*  request  in  laboratories  of  P,  F.  Pokhila;  they 
showed  that  in  case  of  mixture  with  monomer,  distance  from  zone  with  maximiim 
temMrature  to  surface  of  condensed  phase  at  all  studied  pressures  (20.,  'vO,  60 
atm)  is  less  than  for  mixtures  with  polymer  in  these  conditions. 

Author  takes  this  opportunity  to  express  gratitude  to  V.  M.  Kal'tsev  for 
carrying  out  these  expeiiaents. 
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oxidiMr  nutt  bo  reflected  in  ^>uniing  rftea  of in  sneller  degne  if  fUel 
is  easily  melted,  tten  in  the  case  when  fuel  Is  ijiAisible. 

’  In'  Fig.  5  are  data  of  experiments  on  influence  of  dimension  of  particles  on 
burning  rate  of  mixtures  of  asaonium  perchlorate  wj.th  fusible  monomer  (m.p.  ==  5^) 
and  its  infusible  polymer.  Solid  cunrc  wi.thout  points  shows  Ujj  =  f(p)  for  ndrUtrc 
with -polymer* with  dimension  pf^oxLdleer  particles  <250^;  curre  3  refers  to  the 
same  miJrtwe,  but  with  dlwnsion  of  particles  of  oxidiser  i— Burning 
rates  of  mixtures  differ  by  approxiirmtely  two  times.  Dotted  curve  depicts 
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Fig.  4.  Schematic  image  of  burning  of  mixtures:  (a)  with  formation 
of  a  buffer  flame  per  Andersen  '^thout  formation 

of  buffer  flame,  due  to  presence  of  liquid  component 
KEI:  (a)  Zone  with  maximim  teaperature;  (b)  Gaseous  products  of 
pyrolysis  of  fuel;  (c)  Gaseous  products  of  oxidation-reduction  reac¬ 
tions  of  decomposita.on;  (d)  Products  of  decomposition  of  oxidizer 
and  fuel;  (e)  Zone  meltii^;  (f)  Oxidizer;  (g)  Fuel;  (h)  Buffer  flams. 


Ujj  “  f(p)  for  analogous  mixture  with  dimansion  of  particles  NHj^ClO^  <250^ ,  but 
with  monomer,  and  curve  2 — =  f(p)  for  mixtux^  with  monomer  for  dimension  of 
particles  of  NH^^^CIO^,  equal  to  i— lOn  ,  From  the  figure  it  is  clear  that  in  case 
of  fusible  monomer  burning  rates  of  mixtures  practically  coincide,  in  spite  of 
the  fact  that  dimensions  of  particles  of  oxidizer  strongly  dif fered ' f ron  the 
viewpoint  e^ressed  by  our  hypothesis  that  it  is  possible  to  consider  influence 
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of  dijMnsi^on  at  partieljis  during  burning  of  nixtux^s  With  liquid  or  fusitklo'’ 
cooponents  m  a  result  of  inersass  or  dacrsasa  of  rolt  of  buffer  flans  during^ 
burning  of  nixture.  Incidentally,  it  is  necessary  to  note  that  increase  of 


so  too  ISOM  m 300 350 P,><ycmt  \jo) 


Fig*  5*  Influence  of  dimension  of  par¬ 
ticles  on  dependence  of  burning  rate,,  on 
pressure:  (l)  NHICIO^,  diasnsion  of  par¬ 
ticles  1  —  10 |i;  (2)  m^ClO^  (dimension 

of  particles  i— 16  il)  -f  scjMswr;  (3i) 
NHaCIDi  (dimension  of  particles  i  — lOfi  ) 
+  polymer;  (4)  HHAClOr  (<250n)  with, 
nondser;  (5)  HHi^ClO^  ^th  poly- 

KEY:  (a)  2/cm^  •  sec;  (b)  kg/cm^* 


pressure  leading  to  decrease  of  thickness  of  heated  layer,  will  lead  (at  constant 
dimension  of  particles)  to  relative  increase  of  dimension  of  particles  in  ccppari- 
son  with  sone  of  heating.  Disappearance  of  bright  luminescent  stripe  during  burn¬ 
ing  of  paxmffin  mixture  at  700  atm  can  be  connected  with  this  inflxMnee* 

Author  considers  it  his  pleasant  duty  to  express  gratitude  to  K.  K.  Bobolev, 
in  whose  laboratories  experiments  were  carried  out,  and  also  to  his  own  conrades 
in  the  mik,  L.  G.  Bolkhovitinov  and  A.  D.  Margolin  for  discussion. 
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Conclusions 


F^PstudjMj^the  burning  of  mixtures  on  a  base  of  perchlorates  of 
asBtonium  and  potassium  with  fusible  and  infusible  fuel  in  range  of  pressures  of 
1  —  350  atm.  If  while  burning,  one  of  the  components  of  the  mixture  changes,  to 
the  liquid  state,  then  the  mixture  bums  according  to  a  mechanism  similar  to  the 

mechanism  of  burning  of  izxiividual  explosive  substances. 

/}. 

Jl^^rpothesis  is  expressed  about  mechanism  of  influence  of  liquid  layer 
during  burning  of  mixture  systems.  C  ) 
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